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TITLE 

METHODS FOR TRANSFECTING NATURAL KILLER CELLS 

DESCRIPTION OF THE INVENTION 

[001] Research leading to the present invention was funded, at least In 
part, by NIH Grant Nos. P01CA95426 and R01CA68458. The government has 
certain rights in this invention. 

[002] This application cialms priority to U.S. Provisional Application No. 
60/555,177, filed March 22, 2004, the entire disclosure of which is incorporated 
herein by reference. 

Field of the Invention 

[003] The invention generally relates to methods for transfecting 
eukaryotic cells, such as primary natural killer (NK) cells. The methods Involve 
the use of an EBV/retroviral expression vector, such as PINCO, and a packaging 
cell line, such as Phoenix cells. 

Background of the Invention 

[004] The innate immune system represents the human body's essential 
first line of defense against cancer as well as Infectious disease. In the Immune 
competent host, innate immune effectors act rapidly to restrict the dissemination 
of disease, as well as to trigger the adaptive, or antigen-specific, immune system. 
Natural killer (NK) cells are CD56*CD3" large granular lymphocytes that 
constitute one component of the innate immune system. In addition to their 
potent cytolytic activity, NK cells elaborate a host of Immunoregulatory cytokines 
and chemoklnes, which play a crucial role In pathogen clearance. In particular, 
NK cells produce nanogram quantities of gamma interferon (IFN^), a critical 



wo 2005/093079 PCTAJS2005/009238 

2 

cytokine for the clearance of infectious pathogens as well as for tumor 
surveillance. 

[005] In rodent models, NK cells have been proven effective for the 
clearance of certain tumors, as well as bacterial, fungal, viral, and parasitic 
infections. Furthermore, in rare cases of human congenital immune deficiencies, 
the absence of NK cells produces a clinical spectrum that parallels classical 
severe combined immunodeficiency (SCID) syndromes. The importance of NK 
cells Is magnrfied in a host of clinical states in which the adaptive immune system 
is compromised. These states include congenital immune disorders, iatrogenic 
immune suppression following organ transplantation, and the Acquired Immune 
Deficiency Syndrome (AIDS). Natural killer cells represent an attractive target for 
therapeutic manipulation to fight the rampant opportunistic infections and virus- 
induced cancers that arise under these states of adaptive immunoparalysis. 
Indeed, this is the rationale underlying ultra low-<jose interleukin-2 therapy to 
heighten cytokine production and potentiate the anti-tumor effects of NK cells in 
AIDS-associated malignancies (Fehniger et aL, 2002). This approach is further 
substantiated by recent advances in bone marrow transplantation, in which 
donor-derived NK have been shown to mediate a potent graft versus tumor effect 
in acute myeloid leukemia (Ruggerl et al., 2002). In view of these advances, a 
greater mechanistic understanding of NK cells and the innate immune system is 
needed for providing new means to enhance the function of these cells for the 
benefit of the immunocompromised patient. 

[006] In order to achieve this level of understanding, it is essential to 
genetically manipulate NK cells. It is only through such experimentation can one 
discern the role of specific gene products in the signal transduction pathways that 
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govern NK cell behavior. Up to this point, however, the transfection of genetic 
material into NK cells has presented a major technical hurdle. While some 
success has been enjoyed with vaccinia vectors, this technique is limited to short- 
terni experiments, given the lytic nature of poxvims infections. Moreover, since 
poxviruses exert a general negative influence on nuclear function, cellular 
transfection with these vectors severely hampers studies of transcription. More 
recently, the refinement of electroporation methodologies for NK cells has offered 
an alternative to viral vectors (Trompeter et al., 2003). However, our own 
experience with this technology is that it is severely limited by DMA size and 
choice of DNA vector (B. Becknell, unpublished observations). 

[007] Thus, there exists a need in the art for methods for stably 
transfecting NK cells. The present invention answers that need. 

SUMMARY OF THE INVENTION 

[008] Features and Advantages of the Invention 
[009] This invention presents a novel retrovirus-based method for 
transfection of human primary natural killer (NK) cells with genetic material. 
Unlike previous approaches, this technique results In successful transfection of 
the CDSO*"™ NK population that predominates among human peripheral blood NK 
and which is the cellular effector of antibody-dependent cellular cytotoxicity 
(ADCC). The present invention also results In stable transfection of the CD56''"^' 
NK subset as well as NK-derived cell lines. 

[01 0] The inventive methodology can be applied to study specific 
genetic pathways in NK cells and also finds use In the ^genetic modification of NK 
cell populations for enhanced therapeutic efficacy in patients with malignancies 
that are highly susceptible to such immunotherapeutic intervention, including but 
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not limited to, renal cell carcinoma, melanoma, acute myeloid leukemia, and 
AIDS-related lymphoma. 

[01 1] Up to this point in time, technical hurdles have prevented efficient 
retroviral transfection of primary NK cells. The advantages of this Invention over 
other methodologies for genetic manipulation of human primary NK cells are 
summarized by at least the following three points: 

[01 2] (1 ) This retrovirus-based approach results in the permanent 
transfection of NK cells with genetic material. This is in contrast to episomal 
vectors that are lost with cell division / long-term culture and poxvirus vectors that 
inhibit nuclear function and eventually instigate host cell lysis. 

[013] (2) Unlike other retroviral infections of NK cells, the present 
approach is believed to be the first to result In successful transfection of the 
CD56^"^ NK population. 

[014] (3) We demonstrate transfection of a variety of genes into primary 
NK and NK-derived cell lines, with expression of a mariner for infection (the green 
fluorescent protein) as well as the proteins (examples of which are described 
hereinafter). 

[015] Finally, with the advent of NK-cell transplantation in cancer 
therapy for patients with acute myeloid leukemia, the present genetic 
manipulation of NK cell populations prior to administration will provide therapeutic 
benefit for the patient - by enhancing NK cell survival, cytolytic function, cytokine 
production, and/or tumor specific killing. 

[01 6] Additional features and advantages of the invention will be set 
forth In part in the description that follows, and in part will be obvious from the 
description, or may be learned by practice of the invention. The features and 
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advantages of the invention will be realized and attained by means of the 
elements and combinations particularly pointed out in the appended claims. 
[017] Summary of the Invention 

[018] The present invention Is directed to a facile, reproducible 
methodology for retroviral transfection of human primary NK cells. Large cDNAs 
(up to about 3.8 kllobases (kB) in length) and the green fluorescent protein (GFP, 
used as a marker of infection) have been simultaneously expressed using the 
inventive methods. In contrast with other studies reporting retroviral Infection of 
primary NK, the present inventive approach permits the transfection of the 
CD56^"^ NK subset that predominates in human peripheral blood. 

[019] The invention provides methods for stably transfecting mammalian 
natural killer cells by: transfecting a packaging cell line with a retroviral 
expression vector; culturing the transfected packaging cell line in a cell culture 
medium; and culturing the mammalian natural killer cells with the cell culture 
medium. In some embodiments, the packaging cell line is chosen from a 
Phoenix cell line, which can be Phoenix-Ampho. In some embodiments, the 
retroviral expression vector is PINCO. In some embodiments, the invention 
further includes separating the transfected packaging cell line from the cell 
culture medium in which the cell line is cultured prior to culturing the mammalian 
natural killer cells with the cell culture medium. 

[020] The invention also relates to non-naturally occurring mammalian 
natural killer cells, stably transfected, which express at least one of green 
fluorescent protein and CDS. The invention is also directed to progeny cell lines 
of these non-naturally occurring mammalian natural killer cells, wherein the cell 
line is polyclonal. 
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[021] The invention also relates to non-naturally occurring mammalian 
natural killer cell lines, which stably express their genomes through at least two, 
four, or eight population doublings. 

[022] It is to be understood that both the foregoing general description 
and the following detailed description are exemplary and explanatory only and 
are not restrictive of the invention, as claimed. 

[023] The accompanying drawings, which are incorporated in and 
constitute a part of this specification. Illustrate embodiments of the invention and 
together with the description, serve to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[024] Figure 1 relates to infection of primary NK cells with PINCO. 
Figure 1 A Is a schematic representation of a selection of constmcts that were 
prepared. Frame 1B shows infection of human peripheral blood NK subsets with 
PINCO. The numbers in the upper right-hand comer of each histogram refer to 
the percent positive cells per quadrant, after first gating on viable cells. Frame 
1C shows RT-PCR forTSC-22R in primary NK transfected with this gene, 
compared to mock-and vector-only controls, compared to^-actin control 
reactions. Frame 10 shows PINCO TSC-22R transfected cells before and after 

enrichment by FACS. 

[025] Figure 2 demonstrates Infection of primary natural killer cells with 
PINCO, PINCO-HLX (1.5kb cDNA) and PINCO-SHIP1 (3.8kb cDNA), evaluated 
by flow cytometry. Numbers in the crosshairs indicate percentage of events for 
each quadrant. 

[026J Figure 3 demonstrates infection of primary IL-2/KL expanded 
CD56brlght natural killer cells with PINCO and PlNCO-dnTBET (2.0 kb cDNA). 
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evaluated by flow cytometry. Numbers in the crosshairs indicate percentage of 
events for each quadrant. 

[027] Figure 4 relates to infection of human NK-92 cells with PINCO. 
Frame 4A shows NK-92 cells infected with T-BET, LDB1 , and empty PINCO 
virus. Frame 4B shows retrovlrus-mediated protein expression revealed by 
Western blotting for a MYC epitope. Filters were reprobed for j?-actin or Grb2 to 
demonstrate equal loading. 

[028] Figure 5 demonstrates infection of the NK-92 cell line with PINCO, 
PINCO-dnTBET (2.0 kb cDNA), PINCO-LDB1 (1.1 kB cDNA), PINCO-TSC22 (0.5 
kB cDNA), and PINCO-SHIP1 (3.8 kB cDNA), evaluated by flow cytometry. 

[029] Figure 6 demonstrates infection of the NKL cell line with PINCO, 
PINCO-TSC22 (0.5 kb cDNA), and PINCO-SHIP1 (3.8 kB cDNA). evaluated by 
flow cytometry. 

[030] Figure 7 relates to infection of NK-92 cells with PINC08. Frame 
7A schematically illustrates substitution of a truncated murine CDS cDNA for 
EGFP, yielding the PINC08 construct. Frame B shows magnetic selection of 
PINCOS-infected NK-92 cells. Figure C shows simultaneous transfection of NK- 
92 cells with PINCO and PI NCOS, as revealed by CD8(+)EGFP(+) cells on 
cytometric analysis. 

[031] Figure 8 shows Western blot analysis of FACS purified, virally 
transfected NK cell lines confinms overexpression of proteins of Interest (SHIP, 
On the left, and LDB1, on the right). 

[032] Figure 9 relates to the ability of infected NK and NK-92 cells to 
retain NK effector functions. Frame A shows that FACS-purified, infected primary 
NK cells are capable of IFN-k production in response to monokine stimulation as 
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revealed by ELISA. Frame B shows intracellular staining for IFN-k production by 
FACS-sorled, PINCO-infected NK-92 In response to IL-12 plus IL-18 stimulation, 
compared to isotype control. Frame C sliows that, upon FACS purification, 
infected NK-92 cells exhibit cytolytic activity toward C7M3 targets In a ^^Cr- 
release assay. 

DESCRIPTION OF THE EMBODIMENTS 

[033] Reference will now be made In detail to specific embodiments 
(exemplary embodiments) of the invention, examples of which are illustrated in 
the accompanying drawings. 

[034] The present invention is directed to methods of stably introducing 
foreign nucleic acids into mammalian cells, Including for example, lymphocytic 
cells. The mammalian cells that can be transformed Include, but are not limited 
to, natural killer cells. Natural killer cells include, but are not limited to, primary 
NK cells, NK-92, NKL, NK-cell subpopulations, Including CDSe*''^^^* and 
NK cells, and NK-derived cells, which further Includes lymphokine-activated killer 
(LAK) cells, which are cytokine-activated and cytokine-expanded NK cells, and 
NK clones. 

[035] The foreign nucleic acids are introduced into the mammalian cells 
by a process involving a retroviral expression vector and a packaging cell line. 
Basically, the foreign nucleic acid is incorporated into the retroviral expression 
vector, which is then transfected into the packaging cell line, which then allows 
the vector to propagate. When the mammalian cell line is placed in the presence 
of the propagated retrovirus, infection occurs, thereby introducing the foreign 
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nucleic acid Into the mammalian cell and allowing incorporation of a cDNA 
encoding the protein of interest into the genome of the cell. 

[036] The cDNA can be of any size, and can range, for example, up to 5 
kB in length, or even higher. In some embodiments, the cDNA can be smaller, 
such as .5 kB, in some embodiments larger, such as 4 kB. Sizes can range from 
.5 to 5 kB, or 1 , 2, 3, 4, or higher kB. The present methods allow for uses of 
larger cDNAs. 

[037] The retroviral expression vectors that can be used in accordance 
with the present invention include, for example, those based on the Epstein-Barr 
virus (EBV), which can produce episomal propagation of the retroviral transfer 
vector Examples of this type of retroviral expression vectors include, but are not 
limited to, PINCO, which is described in Grignani et al. 

[038] Foreign nucleic acid sequences are introduced into the expression 
vectors using conventional techniques. 

[039] Packaging cell lines that can be used in accordance with the 
present invention include, but are not limited to, Phoenix packaging cell lines, 
which further include, but are not limited to, ecotropic (Phoenix-ECO) and 
amphotropic (Phoenix-Ampho). Other examples include the commercially 
available BD Biosciences lines, including BD RetroPack, BD AmphoPack, and 
BD EcoPack, as well as PA317, an 

NIH 3T3-based, amphotropic, packaging cell line. Apex, derived from ECV304 
(human umbilical vein endothelial cell line HUVECS) / T24 (human bladder cell 
line), BOSC23, which is derived from HEK 293 T-cells, and PG13, which is 
derived from TK-NIH/3T3 (mouse fibroblast) cells. 
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[040] The packaging cell lines are infected with the retroviral vector 
using conventional techniques. 

[041] The transfected pacl<aglng cell line is cultured until a sufficiently 
high viral titer is generated. Determination of the sufficiency of the viral titers is 
well within the level of one of ordinary skill, and the determination can be made 
empirically. In some embodiments, the transfected packaging cells are cultured 
for greater than or equal to about 8 hours, or 1 6 hours, or one day, or two days, 
or three days or more. The culturing can be rhaintained until the viral titer 
reaches 10"^, 10^ 10^ 10^ or higher. 

[042] When a sufficiently high titer is achieved, the mammalian cells can 
be transfected using the cell culture medium containing the retroviral vector. This 
process is performed using conventional culture techniques. 

[043] Mammalian cell lines transfected according to the present 
invention are stably transfected. That is, the foreign nucleic acid introduced into 
the mammalian cell's genome is passed on to progeny cells. Thus, the foreign 
nucleic acid is present in the first doubled population of NK or NK-derived cells, 
along with the third, fourth, fifth, etc., to as many as 20 or more doublings. As 
doubling time may be several days to a week, the foreign nucleic acid will be 
present in progeny cell lines for more than a week, or two weeks, or three weeks, 
or one month, or two months, or six months, or one year, or more. 
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[044J 



EXAMPLES 



[045] 



Materials and Methods 



[046] 



Generation of retrovirus and lentivirus 



[047] 



Generation of PINCQ Retrovirus 



[048] The PINCO retroviral transfer plasmid, originally from the 
laboratory of Dr. P.G. Pelicci (Grignani et a/., 1998), was obtained through the 



retroviral vector permits the expression of a gene of interest from the 5' long term 
repeat (LTR) as well as GFP from an Internal cytomegalovirus (CMV) immediate 
early promoter. Complementary DNA (cDNA) from genes of interest (including T- 
BET, TSC-22R, and LDB1 ; Figure 1 Is a schematic representation of the 
constructs) ranged in size from 0.5 to 3.8 kB and was cloned into the BamHI 
and/or EcoRI sites of PINCO. Alternatively, a truncated murine CDS cDNA was 
prepared as described in Kinoshita et al. {Immunity 6, pp 235+, 1997) and cloned 
into the Hind\\\ and Not\ sites of PINCO, substituting for EGFP cDNA. This 
construct was termed PINC08. Following confirmation of cloning by DNA 
sequencing, each construct was prepared for virus production by endotoxin-free 
maxiprep (Qiagen, Carlsbad, Califomia). A plasmid expressing the VSV-G 
protein (pVSV-G) was similarly prepared. 

[049] VSV-G pseudotyped retroviral particles were generated by 
transient transfection of the Phoenix-Ampho packaging line (a gift of Dr. Gary 
Nolan, Stanford University). Early passage Phoenix cells were cultured (37^C / 
5% CO2) on T75 flasks in high glucose Dulbecco's Modified Eagle Medium 
(DMEM) supplemented with GlutaMAX, antibiotic/antimycotic and 10% fetal 
bovine serum (all from Invitrogen), hereafter denoted D-10. Phoenix cells were 
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transfected at approximately 80% confluence, after having replaced tlie medium 
with D-10 containing chloroqulne (Sigma) at 25 jiM final concentration. Twenty 
micrograms (ng) of PINCO and 0.9 ng of pVSV-G were cotransfected into 
Phoenix cells using the PROFECTION® Mammalian Transfection System — 
Calcium Phosphate (Promega). Transfected cells were cultured for 12-16 hours 

at 37°C / 5% CO2. 

[050] Thereafter, the medium was replaced with RPMI supplemented 
with GlutaMAX, antiblotlc/antimycotic, and 20% fetal bovine serum, hereafter 
denoted RPMI-20. Cells were returned to 37°C / 5% CO2 for another 24 hours. 
Then, virus-containing supernatant was aseptically filtered through 0.45-^m 
cellulose acetate (Corning) and use immediately or aliquoted and frozen at -SO^C. 

[051] Transfection of primary human NK cells, NK-derived c ell lines, and 
other Ivmohocvte populations 

[052] Transfection of Primarv NK Cells 

[053] Human peripheral blood leukocytes were obtained as discarded 
buffy coats from the American Red Cross. NK cells were enriched by rossetting 
(which is a negative selection strategy using bivalent antibodies simultaneously 
targeting cells of an unwanted lineage (i.e., T, B, and monocytes) and red blood 
cells, permitting depletion of these cells upon Ficoll centrifugation; Stem Cell 
Technologies) and Ficoll-Hypaque density centrifugation. Following removal of 
monocytes by plastic adherence, the preparation contains 2.5 x 10^ to 1x10® 
peripheral blood mononuclear cells (PBMC), of which approximately 80% are NK 
as revealed by flow cytometric analysis of the surface antigens CD56 and CD3 
(Human NK cells are CD56''''3''*'*"'"CD3"°°). This enriched NK (eNK) preparation 
was cultured for 48 hours at SZ-C / 5% CO2 In RPMI-20 supplemented with 
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recombinant human interleukin-2 (IL-2, Roche) at a final concentration of 900 
international units (lU) / ml. 

[054] Next, between 2x1 0® to 3x1 0® eNK were harvested by 
centrifugation, resuspended in 2 ml viral supernatant supplemented with IL-2 
(900 lU/ml) and polybrene (Sigma, 8 ug/ml). and placed in one well of a 6-well 
tissue-cultured treated plate (Fisher). The plate was centrifuged in a microcarrier 
bucket at 1800 rpm for45 minutes at 32°C (Beckman). Following a 2 hour 
incubation at 32''C / 5% CO2, medium was gently removed by pipetting using a 
PI 000 and replaced with an additional 2 ml of viral supernatant, supplemented as 
described. The plate was re-centrifuged and returned to 32°C / 5% CO2 for 
another 4 hours. Next, the medium was gently removed and replaced with RPMI- 
20 containing IL-2 (900 lU/ml), and cells were incubated overnight at 37**C / 5% 
CO2. The following day, medium was gently removed and replaced with 4 ml of 
viral supernatant, supplemented as described. The plate was centrifuged a third 
time and returned to 32''C / 5% CO2 for 5 hours. Finally, the medium was gently 
removed and replaced with RPMI-20 containing IL-2 (150 lU/ml), and cells were 
cultured from this point onwards at ZT^'C 1 5% CO2. 

[055] Transfection of IL-2/KL Expanded Primary CD56^^Q^^ NK cells 

[056] To transfect the CD56*'''9^' NK subset. eNK were seeded at 1 0^/ml 
in RPMI supplemented with antibiotic/antimycotic, Glutal\/IAX, and 10% human 
AB serum (ICN), supplemented with IL-2 at 150 lU/ml and c-kit ligand (KL, 
Amgen) at 100 ng/ml final concentration. 

[057] Transfection of NK-derived cell lines 

[058] The NK-92 cell line was obtained from Dr. Hans Klingemann, 
Rush Medical Center. The NKL cell line was obtained from Drs. Michael 
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Robertson (Indiana University) and Jerome Ritz (Harvard University). Both lines 
were cultured in RPMI-20 supplemented with IL-2 (Roche, 150 lU/ml) at 37°C I 
5% CO2. On the day before infection, IL-2 concentration was adjusted to 900 
lU/ml. The infections were performed as described in Section A. Following the 
final round of infection, the IL-2 concentration was returned to 150 lU/ml. 
[059] Use of CDS as a Sorting Facilitator ("PINC08") 
[060] Rather than use GFP as a marker for NK transfection, we have 
substituted a modified mouse CDS mRNA, which encodes a cytoplasmically 
truncated protein that is targeted to the cell membrane but which lacks signaling 
properties, rendering this molecule inert. Since the extracellular domain of the 
CDS is preserved, transfected NK-92 were detected by flow cytometry using well- 
established monoclonal antibodies to this molecule, which are conjugated to 
fluorescence molecules. The use of CDS and GFP in separate viruses permits 
Infection of NK cells with more than one gene. Furthermore, the use of CDS 
allows the possibility to isolate transfected cells using magnetic beads pre- 
conjugated to anti-CDS, eliminating the need to rely on fluorescence-assisted cell 
sorting (FACS) for purification of the transfected population. 
[061] Analvsis of Transfected NK Cells 

[062] To visualize infected NK, cells were stained with APC-conjugated 
CD56 (mIgGI, Coulter, Fullerton. CA) and evaluated by flow cytometry using a 
BD FACSCalibur instrument (BD Biosciences, San Jose, CA) on the day 
following the third round of infections. Infected cells were detected based on 
GFP fluorescence, relative to uninfected controls. Alternatively, for cells 
transfected with PI NCOS, infected cells were detected based on positive staining 
with PE-conjugated anti-mouse CDS (BD Biosciences). CDS(+) cells were 
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magnetically selected using anti-PE microbeads (MiKenyi Biotech). For functional 
studies, CD56(+)GFP(+) cells were isolated to ^5% purity by fluorescence 
activated cell sorting (FACS) on a BD FACSVantage instrument. 

[063] Expression of TSC-22R was detected by RT-PCR using AmpliTaq 
Gold (Applied Blosystems), fonA/ard (5'-ACCAGCTGCACAATTTCTCC-3'), 
reverse (5'-TACACCGCAGAACCACCAG-3'), and the following conditions: 94''C 
10 min; followed by 25 cycles of 94°C 30 sec, 60°C 30 sec, 1 min. Parallel 
reactions were performed using primers to the housekeeping gene, )?-actin: 
forward (5'-GGAATCGTGCGTGACATTAAG-3') and reverse (5'- 
TGTGTTGGGGTACAGGTCTTTG-3'). Expression of proteins of interest was 
confirmed by immunoblotting for a C-terminal MYC epitope (Cell Signaling) or 
other terminal epitopes, as described (in Trotta et al., 2003, Cancer Cell 3, pp, 
145+). Subsequent functional analysis of cytokine production (ELISA, 
intracellular staining) and cytotoxicity (®^Cr-release) was performed exactly as 
previously described (in Carson et a!., 1994, J. Exp. Med. 180, pp. 1395+; and in 
Cooper et al., 2001 . Blood 97, pp. 3146+). 

[064] Results 

[065] Transfection of Primarv NK Cells 

[066] To determine if PINCO could infect primary NK cells, multiple 
infections were perfomned on enriched NK preparations from human peripheral 
blood, with vector alone or with vector bearing various genes of Interest, over a 
48-hour period. The results were visualized cytometrically by EGFP 
fluorescence, compared to mock-infected controls. 

[067] Figure 1 A schematically Illustrates selected vectors described 
herein. As shown with TSC-22R in Figure 1B, PINCO is capable of transfecting 
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both CD56^''9*'* and CDSe*^'"" subsets. In addition, the overexpresslon of TSC-22R 
mRNA is evident by RT-PCR analysis compared to vector-only and mock- 
infected controls (Fig. 1C). Thus, PINCO is capable of delivering multiple genes 
(i.e., EGFP and TSC-22R, for example) to primary NK cells. Following NK cell 
infections, the CDSe^OFP* cells were enriched by FACS (Figure 1D). 

[068] Figure 2 Illustrates multiple eNK infections performed and 
visualized cytometrlcally by EGFP fluorescence. To the best of our knowledge, 
there are only two other reports documenting retroviral transfection of primary NK 
cells in the scientific literature (Chiorean etaL, 2003; Unutmaz ef a/., 1999). 
However, these infections - using MSCV-based retrovirus (Chiorean et al., 2003) 
or HIV-based lentivirus (Unutmaz ef a/., 1999) - were limited In efficacy to the 
CDSe*"^^^* NK subset. In contrast, the present approach using PINCO is broadly 
applicable to all NK cells, i.e.. CD56^''^*'* NK, as well as the CDSe^'"' NK subset 
that predominates in human peripheral blood (Cooper et al, 2001). Furthermore, 
as shown in Figure 2, the present invention transfected cDNAs up to 3.8 kB in 
size, with no decrease in viral titer or NK transfection. 

[069] Transfection of IL-2/KL Expanded Primarv CDSS^^^^^^ NK cells 
[070] Following 1-week incubation at 37°C / 5% CO2, cells typically 
expanded 3-4 fold. Whereas peripheral blood NK typically comprises two major 
subsets, CD56^"9*'* (5-15% of NK) and CD56'^^'" (85-95% of NK), this weeklong 
culture in IL-2 and KL enriches massively for the CD56*^''^*^* subset, to the point 
that it represents 90% or more of the total cell number. Between 1-5x10® IL-2/KL 
expanded NK were transfected with PINCO as described above, except that KL 
was included throughout the infection period at 100 ng/ml final concentration. 
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This reproducibly resulted in profoundly high levels of infection, as illustrated in 
Figure 3. 

[071] Transfection of NK-de rived cell lines 

[072] The human cell line, NK-92, serves as an excellent model for the 
CDSe"*^*" NK subset, as NK-92 cells are capable of robust INF-k production upon 
stimulation with combinations of monokines, such as IL-12, IL-15, and IL-18 
(Strengell et al., 2003, J. Immunol. 170, pp 5464+). Thus, it was sought to 
detennine if PINCO is capable of infecting NK-92 ceils. As shown for T-BET and 
LDB1 in Figure 4A, the NK-92 cell line was successfully infected with PINCO 
bearing multiple genes of interest. GFP(+) NK-92 cells have been isolated to 

^9% purity by FACS and been maintained in culture for over 3 months, with no 
appreciable reduction In GFP fluorescence. To confimi the expression of 

proteins of interest in the NK-92 cells, immunoblotting was performed to detect a 

C-temiinal MYC epitope (Figure 48). 

[0731 High levels of infection were not only achieved for NK-92, as 

shown in Figure . 5, but also for human NKL cells, as shown In Figure 6. Similar 

results have been reported in the scientific literature (Chiorean et al.. 2003; 

Kikuchi-Maki et al., 2003), using IVISCV-based transfer vectors. To the best of 

our knowledge, however, this is the first report of PINCO's use as a gene delivery 

vector for primary NK cells. 

[074] Inferfion of NK-92 Cells with PINC08 

[075] In order to increase the versatility of the vector, PINCO was 

modified to express a cytoplasmically truncated murine CDS molecule in place of 

GFP. The resulting vector, shown schematically in Figure 8A. Is termed PINC08. 

As an alternative to purification of transfected NK populattons by FACS. PINC08- 
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transfected NK-92 cells were stained with anti-mouse CDS PE followed by anti- 
PE magnetic beads. After two rounds of magnetic selection, ^5% pure 
population of CD8(+) cells were routinely observed (Figure 8B). NK-92 cells were 
next simultaneously infected with PINCO and PINC08, which revealed a 
GFP(+)CD8(+) population on subsequent cytometric analysis (Figure 8C). Thus, 
NK-92 cells can be infected with multiple PINCO retroviruses, each carrying 
unique genetic material. 

[076] Further Analvsis 

[077] Following retroviral infection of primary NK and NK-derlved cell 
lines, the transfected populations were routinely isolated to >99% purity by 
fluorescence-assisted cell sorting (FACS) for GFP* cells. When virally 
transfected NK-92 and NKL were subjected to long-term culture (>3 months), no 
significant decrease in GFP fluorescence was observed. As an altemative to 
GFP, expression of proteins of interest was monitored directly by immunoblotting. 
Indeed, Western blot analysis of FACS purified, virally transfected NK cell lines 
reveals significant overexpression of these proteins, as shown in Figure 9. 

[078] Further analysis was performed to detenmlne the level to which 
retrovirally transfected cells maintained the NK effector functions of cytokine 
production and cytolytic activity. After FACS purification, primary NK cells are 
capable of IFN-k production in response to monokine stimulation, as shown by 
ELISA (Figure 10A). Similarly, retrovirally infected NK-92 cells produce high 
levels of IFN-K in response to monokine treatment, as shown both by intracellular 
staining (Figure 10B) and ELISA (data not shown). Virally transfected cells also 
exhibit cytolytic activity in ^''Cr-release assays (Figure 10C). Thus, transfection of 
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NK and/or NK-92 cells with PINCO retrovirus preserves cellular functions, 
including cytolysis and cytokine elaboration. 

[079] These technical advances pave the way for mechanistic studies of 
the roles of individual genes in NK cell function. In addition, with the advent of 
NK-cell transplantation in cancer therapy for patients with acute myeloid 
leul^emla. the genetic manipulation of NK cell populations prior to administration 
may conceivably provide therapeutic benefit for the patient - by enhancing NK- 
cell survival, cytolytic function, cytokine production, and/or tumor-specific killing. 

V. RNAi EXAMPLE 

RNA Interference (RNAI) is a method for silencing expression of specific 
gene(s) of interest based on the transfection of small, double-stranded RNA 
sequences identical to the mRNA of the particular gene(s). We modified PINCO 
to express a CDS along with an RNAi cassette from the pSUPER plasmid 
(OligoEngine, Seattle, WA), which was previously engineered to express a short 
hairpin RNA (shRNA) that targets a specific gene. T-BET. Transfection of NK 
cells results in the expression of CDS (as a marker of infection) and the shRNA 
from separate promoters. The shRNA, which contains complementary regions to 
permit folding on itself to form a hairpin, is subsequently processed by cellular 
enzymes to fonm a double-stranded RNA that targets and silences the gene of 
interest. 
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[090] Except where otherwise indicated, all numbers expressing 
quantities of ingredients, reaction conditions, and so forth used in the 
specification and claims are to be understood as being modified in all instances 
by the term "about" Accordingly, unless indicated to the contrary, the numerical 
parameters set forth in the following specification and attached claims are 
approximations that may vary depending upon the desired properties sought to 
be obtained by the present invention. At the very least, and not as an attempt to 
limit the application of the doctrine of equivalents to the scope of the claims, each 
numerical parameter should be construed in light of the number of significant 
digits and ordinary rounding approaches. 

[091] The specification is most thoroughly understood in light of the 
teachings of the references cited within the specification, all of which are hereby 
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incorporated by reference in tlieir entirety. The embodiments within the 
specification provide an illustration of embodiments of the Invention and should 
not be construed to limit the scope of the invention. The sl<iiled artisan 
recognizes that many other embodiments are encompassed by the claimed 
invention and that it is intended that the specification and examples be 
considered as exemplary only, with a true scope and spirit of the invention being 
indicated by the following claims. 



